Induction of direct repeat recombination by psoralen-DNA adducts in Saccharomyces cerevisiae: defects in DNA repair increase gene copy number variation.
Psoralen photoreaction produces covalent monoadducts and interstrand crosslinks in DNA. The interstrand DNA crosslinks are complex double strand lesions that require the involvement of multiple pathways for repair. Homologous recombination, which can carry out error-free repair, is a major pathway for crosslink repair; however, some recombination pathways can also produce DNA rearrangements. Psoralen photoreaction-induced recombination in yeast was measured using direct repeat substrates that can detect gene conversions, a form of conservative recombination, as well as deletions and triplications, which generate gene copy number changes. In repair-proficient cells the major products of recombination were gene conversions, along with substantial fractions of deletions. Deficiencies in DNA repair pathways increased non-conservative recombination products. Homologous recombination-deficient rad51, rad54, and rad57 strains had low levels of crosslink-induced recombination, and most products were deletions produced by single strand annealing. Nucleotide excision repair-deficient rad1 and rad2 yeast had increased levels of triplications, and rad1 cells had lower crosslink-induced recombination. Deficiencies in post-replication repair increased crosslink-induced recombination and gene copy number changes. Loss of REV3 function, in the error-prone branch, and of RAD5 and UBC13, in the error-free branch, produced moderate increases in deletions and triplications; rad18 cells, deficient in both post-replication repair sub-pathways, exhibited hyperrecombination, with primarily non-conservative products. Proper functioning of all the DNA repair pathways tested was required to maintain genomic stability and avoid gene copy number variation in response to interstrand crosslinks.